Context. The outer parts of the Milky Way disk are believed to be one of the main arenas where the accretion of external material in the form of dwarf galaxies and subsequent formation of streams is taking place. The Monoceros stream and the Canis Major and Argo over-densities are notorious examples. Understanding whether what we detect is the signature of accretion or, more conservatively, simply the intrinsic nature of the disk, represents one of the major goals of modern Galactic astronomy. Aims. We try to shed more light on the properties of the outer disk by exploring the properties of distant anti-center old open clusters. We want to verify whether distant clusters follow the chemical and dynamical behavior of the solar vicinity disk, or whether their properties can be better explained in terms of an extra-galactic population. Methods. VLT high resolution spectra have been acquired for five distant open clusters: Ruprecht 4, Ruprecht 7, Berkeley 25, Berkeley 73 and Berkeley 75. We derive accurate radial velocities to distinguish field interlopers and cluster members. For the latter we perform a detailed abundance analysis and derive the iron abundance [Fe/H] and the abundance ratios of several α elements. Results. Our analysis confirms previous indications that the radial abundance gradient in the outer Galactic disk does not follow the expectations extrapolated from the solar vicinity, but exhibits a shallower slope. By combining the metallicity of the five program clusters with eight more clusters for which high resolution spectroscopy is available, we find that the mean metallicity in the outer disk between 12 and 21 kpc from the Galactic center is [Fe/H] ≈ −0.35, with only marginal indications for a radial variation. In addition, all the program clusters exhibit solar scaled or slightly enhanced α elements, similar to open clusters in the solar vicinity and thin disk stars. Conclusions. We investigate whether this outer disk cluster sample might belong to an extra-galactic population, like the Monoceros ring. However, close scrutiny of their properties -location, kinematics and chemistry -does not convincingly favor this hypothesis. On the contrary, they appear more likely genuine Galactic disk clusters. We finally stress the importance to obtain proper motion measurements for these clusters to constrain their orbits.
Introduction
While there are much data on chemical abundances in the solar vicinity both for disk stars (Ramírez et al. 2007 , Bensby et al.2004 ) and for star clusters (Friel et al. 2002) , our knowledge of the outer Galactic disk is still very poor. This is particularly true for Galactic open clusters, which are known to extend to very far in the disk periphery, but whose data in many cases basically consist of shallow photometry which only allows us to Send offprint requests to: G. Carraro ⋆ Based on observations with the ESO VLT at the Paranal Observatory, under the program 076.B-0263 ⋆⋆ Table 3 is only available in electronic form at http://www.aanda.org ⋆⋆⋆ Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the National Science Foundation.
derive rough estimates of age and distance (e.g., Phelps et al. 1994; Frinchaboy & Phelps 2002; Carraro et al. 2006 ).
In the last few years the situation has improved thanks to a renewal of interest in the outer Galactic disk which, according to several studies, may have been formed though several mergers of small galaxies. In this context, a structure like the Monoceros ring (hereinafter MRi, Newberg et al. 2002 , Ibata et al. 2003 would be the best signature of such accretions. Distant star clusters -both open and globular -may trace this structure (Frinchaboy et al. 2004 (Frinchaboy et al. , 2006 , date its formation time, and probe its chemical evolution, but the lack of precise metallicity, distance and age data for a sufficient number of potentially associated clusters makes their connection to such over-densities still vague. Recently, good abundance data have started to be acquired for a handful of distant clusters (Carraro et al. 2004 Villanova et al. 2005 , Frinchaboy et al. 2007 ). All these studies
Selection of clusters
The clusters under investigation are listed in Table 1 , together with their Galactic coordinates and preliminary estimates of distance and age as reported in Carraro et al (2005a,b) . In those papers, BVI photometry has been obtained with the purpose of searching for potentially old and distant clusters and providing targets for later spectroscopic follow-up. Together with these five clusters we have also observed Tombaugh 2, which we report on elsewhere (Frinchaboy et al. 2007 ). We elected to study these targets in detail because we wanted to probe a region of the Milky Way -the Third Galactic Quadrant -where the signatures of ongoing accretions (the putative Canis Major galaxy, hereafter "CMa", and the MRi) have been repeatedly pointed out, but where other explanations are also possible. Open clusters can help us to shed more light on the structure and origin of the outer disk because of the ability to derive accurate determinations of age, distance, radial velocity metallicity and detailed abundances for these systems. Establishing any relationships between position and kinematics and/or age and metallicity is the first step not only to better describing the chemical and dynamical evolution of the Galactic disk periphery, but also to recognize possible structures not associated with the Galactic disk (Frinchaboy et al. 2004 ). For our study we wanted a sample of clusters covering a wide baseline in Galactocentric distance, older than the Hyades, located toward the CMa and MRi over-densities and below the plane to further investigate the disk warp (Momany et al. 2006 ). All five of the Table 1 clusters are projected toward the Monoceros/Canis Major constellations in the southern Galactic hemisphere. Indeed, they are all projected onto or very near the Canis Majoris overdensity itself (see Moitinho et al. 2006) . They also all lie significantly below the nominal Galactic plane. According to the preliminary analysis by Carraro et al. (2005a,b) , they presently all lie beyond 12 kpc from the Galactic center and are likely older than the Hyades (see Table 1 ).
To our knowledge, no previous estimates of radial velocity or metallicity are available for any of these clusters.
Observations and data reduction
The spectroscopic data come from the ESO-VLT , and were collected in service mode between October and December 2005 with the FLAMES on-board VLT+UVES high-resolution, echelle spectrograph. The sky was generally clear, and the typical seeing was about 0.8 arcsec during all of the observing nights. We used the UVES multifiber mode, which allows the collection of up to eight spectra simultaneously. The 580nm setup (R = 40000 in the 4750-6800 Å range) was used. The UVES fibers were placed on the brighter probable members of the cluster according to their CMD position. The data were reduced by ESO personnel using the FLAMES-UVES pipeline 1 which first corrects the spectra for bias and flatfield. Next a wavelength calibration based on Th-Ar calibration-lamp spectra was applied. Finally, each spectrum is flux-calibrated applying the responsecurve of the instrument and the echelle orders combined to obtain a single one-dimensional spectrum. The resulting spectra have a dispersion of 0.1 Å/pixel and a typical S /N ∼ 25-40. We could observe 21 Red Giant Branch(RGB)/red clump stars in the five program clusters, for a grand total of 43 spectra. Due to the small size of the clusters under study, it was not possible to put all eight fibers on cluster stars. Typically we could configure UVES to pick up five stars per cluster. In the case of Berkeley 75 we could observe just two stars with sufficiently high S /N. Table 2 provides information on the targets including photometry from Carraro et al. (2005a,b) . Note that we obtained 1-3 independent spectra (n, column 9 in Table 2 ) per star, and the integration time was 45 minutes per exposure. Examples of extracted spectra are illustrated in Figure 1 , where the spectrum of star #7 in Ruprecht 7 and #12 in Berkeley 73 are shown.
Radial velocities
We used the fxcor IRAF utility to measure radial velocities. This routine cross-correlates the observed spectrum with a template having known radial velocity. As a template we used a synthetic spectrum calculated for a typical solar metallicity giant star (T eff ∼ 5000 K, log(g) = 3.0, v t = 1.3 km/s). Then each measured radial velocity was converted to heliocentric velocity using the rvcorr IRAF routine. The resulting heliocentric velocities for the stars (RV H ) are reported in Table 2 . The error in radial velocity -derived from repeated measures -is less than 1 km s −1 . Finally for the abundance analysis each spectrum was shifted to rest-frame velocity and continuum-normalized.
Abundance analysis

Atomic Parameters and Equivalent Widths
The analysis of chemical abundances was carried out with the 2005 version of the freely available program MOOG developed by Chris Sneden 2 and originally described in Sneden (1973) and using model atmospheres by Kurucz (1992) . MOOG performs a local thermodynamical equilibrium (LTE) analysis. We derived equivalent widths by fitting Gaussian profiles to spectral lines. Repeated measurements show a typical error of about 5-10m Å for the weakest lines because of the moderate S /N of the spectra. The line list (see Table 3 ) was taken from Gratton et al. (2003) . The log(g f ) parameters of these lines were redetermined by a solar-inverse analysis measuring the equivalent widths from the NOAO (Kurucz et al. 1984 ) solar spectrum, adopting the standard solar parameters (T eff = 5777 K, log(g) = 4.44, v t = 0.8 km s −1 , A(Fe) = 7.48).
Atmospheric Parameters
Initial estimates of the atmospheric parameter T eff were obtained from the photometric observations given in Table 2 using the relations from Alonso et al. (1999) . We adopted E(B − V) values from Carraro et al. (2005a,b) to correct colours for the interstellar extinction. We then adjusted the effective temperature by minimizing the slope of the abundances obtained from Fe I lines with respect to the excitation potential. Initial guesses for the gravity log(g) were derived from the canonical formula:
In this equation, the mass M/M ⊙ was derived from the comparison between the position of the star in the Hertzsprung-Russell (Girardi et al. 2000) . The luminosity L/L ⊙ was derived from the apparent magnitude V, assuming the distance moduli from Carraro et al. (2005a,b) The bolometric correction (BC) was derived from the BC-T eff relation from Alonso et al. (1999) . The input log(g) values were then adjusted to satisfy the ionization equilibrium of Fe I and Fe II during the abundance analysis. Finally, the micro-turbulence velocity is given by the relation (Houdashelt et al. 2000) : v t = 2.22 − 0.322 log g. We then adjusted the micro-turbulence velocity by minimizing the slope of the abundances obtained from Fe I lines. The adopted values for all these parameters together with derived [Fe/H] are reported in Table 4 , whereas the mean results of the detailed abundance analysis per cluster (i.e. with results averaged over all adopted cluster members -see §5) are listed in Table 5 . We also report there our measures of the main α elements with their uncertainties and abundance ratios.
We made a detailed error analysis and found that an increase of 0.1 in micro-turbulence velocity implies an increase of 0.01 dex in any of the measured elements (Fe, Mg, Si, Ca and Ti). On the other hand, a variation of 0.2 in log(g) produces a decrease of 0.01 dex in any of the elements. Much more sensitive is the dependence on temperature. An increase of 100 o K produces variations as large as +0.11, +0.08, +0.06, +0.10, and +0.16 dex in Fe, Mg, Si, Ca, and Ti, respectively.
Revision of cluster fundamental parameters
We make use here of the derived radial velocity, metallicity, and available photometry to revise the fundamental parameters of the clusters under investigation.
First, we discuss the membership of all the program stars on the basis of their radial velocity (Table 2) , position in the CMD, location in the cluster field, atmospheric parameters, and chemistry. From the stars that have been selected as members, we compute the cluster mean metal abundance (see Table 5 ). We use the following criterion to add error bars to the cluster mean iron abundance [Fe/H] . We adopt as metallicity error 0.2 dex when cluster metallicity is based on just 1 member, 0.1 dex in the case we find two members, and 0.05 dex when we have 3 or more members, but only in the case the measurements standard deviation σ is smaller than this value, otherwise we directly adopt the measurements σ.
We then generate isochrones for the derived spectroscopic metallicity of each cluster, transforming the mean [Fe/H] into Z, using Padova models and following Carraro et al. (1999) . Owing to the marginal α−element enhancement, we derived Z considering only [Fe/H] . The corresponding best-fit isochrone is then superimposed on each CMD (Fig. 2) . In this way updated estimates of the basic parameters (age, distance and reddening) are finally derived (see Table 6 ). Distances are computed adopting A V = 3.1 · E(B − V) (Moitinho 2001) . Finally, by assuming 8.5 kpc as the Sun's distance from the Galactic center, we provide in Table 7 the Cartesian Galactic coordinates X GC , Y GC and Z GC , and the distance (R GC ) of the clusters from the Center of the Galaxy. The Cartesian coordinates are defined as Z pointing toward the North Galactic Pole, Y toward the direction of the Galactic rotation, and, finally, X pointing toward the anti-center.
The fundamental parameters are thus summarized in Tables 5, 6 and 7.
Berkeley 75
For this cluster we make use of the BVI photometry from Carraro et al. (2005a) . We have only two stars with spectroscopy and their velocities are clearly incompatible (see Table 2 ), as are their metallicities (Table 4 ). In Fig. 2 (panel a) we have indicated these two stars with squares. The decision on the possible membership of these stars is obviously quite difficult. In the figure we show as a member (filled square) the fainter (#22) of the two stars, and suggest that star #9 (open square) is actually an interloper. First, star #22 falls closer to the adjusted isochrone in the CMD, while star #9 seems too bright and blue. In addition, in the figure (where only the stars within the cluster radius are shown), while star #22 lies within the cluster radius, star #9 is close to the edge of the field of view, well outside the cluster radius; this star is shown in Figure 2a only because it was observed spectroscopically. Finally, from Table 2 one can see how star #9 is actually cooler than star #22. If one derives their reddening from the intrinsic colors (Worthey et al. 2006) , it turns out that star #22 has a reddening compatible with the bulk of the MS stars (0.04), while star #9 basically does not have reddening, being therefore a nearby giant star. The probable member (#22) has a metallicity [Fe/H] = −0.22 ± 0.20, and this translates into Z = 0.011 (Carraro et al. 1999) . A 4 Gyr isochrone for this metallicity has been super-imposed in Figure 2a shifted by E(B − V) = 0.04 and (m − M) V = 14.9. Note that our inferred distance of this cluster turns out to be lower than previous estimates (Table 1, Carraro et al. 2005a ) due to the much higher metallicity we derived from spectroscopy. However, we consider our derived values for this cluster to be very preliminary since they are in part based on only one star with ambiguities in determining its membership.
Berkeley 25
The photometry for this cluster is also taken from Carraro et al. (2005a) . We have five stars with very similar radial velocities, and therefore all of the measured stars are probable mem- bers. However, only for three of them (#10, 12, and 13) could we perform detailed abundance analysis, while for the other two only an estimate of the iron abundance was possible, due to the lower S /N. These [Fe/H] values are comparable within the error among all members, except for star #10, which we are here considering as a probable non-member. These stars are indicated with filled squares in Figure 2b . The mean of the four metallicity measures (Table 4) 
Ruprecht 7
The photometry of this cluster comes from Carraro et al. (2005b) . We obtained spectra for five stars (Table 2 ) and all have compatible radial velocities and metallicities within the errors. The photometry of these stars is indicated in Figure  2c . The mean of the five metallicity measures yields [Fe/H]= -0.26±0.05, which corresponds to Z = 0.010. The 800 Myr isochrone that provides the best fit for this metallicity has been drawn for E(B − V) = 0.36 and (m − M) V =15.0. Owing to the lower metallicity we measure, these findings somewhat deviate from the purely photometric estimates by Carraro et al. (2005b) .
Ruprecht 4
Of the five stars with Carraro et al. (2005b) photometry for which we obtained spectra, we propose that three (# 3, 4 and 8) are cluster members (filled squares in Fig. 2d ), while the other two (the two faintest) are interlopers. This choice is also motivated by the better position of the candidate member stars in the CMD (see Fig. 2d ). Four of the five stars lie near the cluster center (1.5 arcmin, Carraro et al. 2005b ), but star #29 is located well outside, suggesting it is a probable non-member. This further corroborates our member selection. From the three adopted members, we derive a mean [Fe/H]= -0.09±0.05, hence Z = 0.015. The 800 Myr isochrone for this metal content has been superimposed using E(B − V) = 0.30 and (m − M) V =14.30.
Berkeley 73
The photometry of this cluster comes from Carraro et al. (2005a) . In this case assigning spectroscopically-based memberships is again quite a difficult task. Among the six stars for which we obtained UVES spectra, we do not consider the two stars with dwarf-like gravities, #13 and 19, as members, while we consider the stars #16 and 18 as members, because they are both giants with comparable velocities and metallicities. Star #15 is a probable radial velocity non-member, as is star #12. We therefore are left with two stars we consider to be members, and their mean 
Extension of the cluster sample
Out of 5 total, 3 of our sample (the Berkeley clusters) are at heliocentric distances larger than 7 kpc, and therefore have to be carefully considered as possible previously neglected MRi candidates , Frinchaboy et al. 2004 • ≤ b ≤ +8
• . Their properties are summarized in Table 8 . These thirteen clusters all lie more than 12 kpc from the Galactic center and represent the largest sample of anti-center distant clusters with reliable chemical abundance measurements analyzed together so far. By the way, 3 of them (Berkeley 29, Saurer 1 and Tombaugh 2) have been previously suggested to be MRi candidates.
In order to put all the cluster [Fe/H] measurements taken from the literature on the same metallicity scale as the present study clusters, we used the values for Berkeley 29, which is in common between Yong et al. (2005) and Carraro et al. (2004) . This allows us to scale Berkeley 20, Berkeley 31 and NGC 2141, and Berkeley 21. For this latter we still consider the Yong et al. value, since it is basically identical to Hill & Pasquini (1999) Carraro et al. (2004) and Yong et al. (2005) have emphasized that the few outer Galactic disk clusters insofar studied show a sizeable enhancement in α elements over the solar ratio. Having a larger sample, we investigate here what the α element ratios are suggesting to us about the origin of these clusters, say whether they are genuine disk clusters, or whether they are the signature of an extra-galactic population. Indeed one may speculate that an α element over-abundance indicates that the material in the outer disk formed rapidly, possibly due to a relatively recent merging event (2-5 Gyrs ago). This seems to be confirmed by the ages of the clusters under analysis. None of the clusters in our sample is very old (ages less than 5 Gyr), which may suggest that very old open clusters (like NGG 6791, Berkeley 17, Collinder 261 and NGC 188 to name a few examples) do not populate the anti-center. We emphasize however that this might be the result of a selection effect, which further studies have to clarify. Nonetheless, if this age distribution is real, one may speculate that these clusters could have formed during a merger, or deposited by a merger. In fact, according to our current understanding of disk formation, we expect that the outer parts have been forming later (inside out scenario) and that the more recently accreted material, if any, is Table 7 . Revision of the fundamental parameters of the clusters under study. around the outer edge of the disk.
Abundance ratios
We could measure several α elements for our five clusters, as listed in Table 5 . Figure 3 (Friel et al. 2003, Fig. 5 ) and field F & G stars (Reddy et al. 2003, Fig.8 ) near the Sun in the same metallicity range of our sample. The generally enhanced abundances are more reminiscent of the thick than thin disk behavior (Reddy et al. 2003) .
At the metallicity there are no dwarf galaxies having the same abundance ratios. The Sagittarius Dwarf Spheroidal does reach these high metallicities (−0.5 ≤ [Fe/H] ≤ 0.0), however its stars tend to be significantly under-abundant in α elements. The unpublished work by Smecker-Hane & McWilliam (astro-ph/ 0205411) present a few determinations compatible with our clusters. However, more recent studies (Sbordone et al. 2007 , and references therein) based on a larger sample show that in this metallicity range α elements are significantly sub-solar.
In conclusion, the α element ratios of outer disk open clusters are more compatible with the solar vicinity thin/thick disk than with dwarf Galaxies, suggesting that these clusters are genuine members of the Galactic disk.
Age-Metallicity Relationship
The age-metallicity relationship (AMR) is another important diagnostic of galaxy formation scenarios. If our clusters were born in a distinct galaxy, they would likely show an AMR distinct from the clusters intrinsic to our Galaxy.
For example, Frinchaboy et al. (2004) suggest the open and globular clusters putatively associated with MRi show an AMR similar to that of the Sagittarius dwarf galaxy (Layden & Sarajedini 2000) . Forbes et al. (2004) built on this concept and used the AMR as a tool to decide the membership or not of potential CMa/MRi clusters, as did Frinchaboy et al. (2006) . However, both these studies are based on highly inhomogeneous samples, combine together open and globular clusters, and make use of photometry-or low-resolution-sprectroscopy-based metallicities.
It is quite well accepted that the bulk of the old open clusters in the disk do not define a clear-cut AMR (Friel 1995 , Carraro et al. 1998 , Friel et al. 2002 , but rather at any age these clusters show a large scatter in metallicity. Typically, at any age between 1 and 8 Gyr, metallicity ranges from [Fe/H] ∼ -0.5 to [Fe/H] ∼ +0.05 (Friel et al. 2002, Fig.4) .
This seems to be the case also for outer disk clusters (see Fig. 4 ): At all ages from 0.8 to 5 Gyr there is a sizable spread in Fig.4 show the full metallicity range that old open clusters in the disk exhibit at any age (Friel et al. 2002 ).
There might be a possible hint of an AMR if we remove the two most metal-poor clusters (Berkeley 21 and NGC 2141, Yong et al. 2005 ) located at about 2 Gyrs. However, despite the large errors, the metallicity of these two clusters are consistent with all the determinations obtained so far (Hill & Pasquini 1999) , and there are no reason to believe they are wrong.
Therefore, the analysis of the AMR lends further support to the idea that the outer disk old open clusters do not differ from typical disk clusters, since they do show the same lack of any AMR as typical disk open clusters and argue against their origin in a putative dwarf galaxy.
Metallicity distribution
The sample of clusters we are analyzing has a mean metallicity (Frinchaboy et al. 2004 ) with F/G stars. While in principle this might be correct -the Sgr DSph represents a clear counterpart -such a conclusion still remains premature, first because α elements and AMR are suggesting a different scenario, second because the MRi global properties are still very poorly known.
Besides, one is left with the question as to why outer disk star clusters should have roughly the same metallicity distribution as solar vicinity star clusters (Friel et al. 2002) .
The radial abundance gradient in the outer Galactic disk
The most recent determination of the slope of the radial abundance gradient using old open clusters in the Galactic disk is presented in Friel et al. (2002) . From a sample of about 40 clusters located between 8 and 14 kpc from the Galactic center a mean slope of -0.06 dex kpc −1 is found. This slope mostly represents the abundance gradient in the solar vicinity, since the sample contains just one cluster beyond 14 kpc from the center of the Milky Way and only five clusters outside of 12 kpc. Carraro et al. (2004) and Yong et al. (2005) provide evidence that the abundances in the outer disk (R GC larger than 12-13 kpc) do not follow the expectations of the extrapolation of the gradient as determined by clusters in the solar neighborhood, but instead the metallicity gradient seems to flatten at R GC ∼ 12 − 14 kpc.
With the supplement of the eight additional clusters from the literature we now have a unique sample of clusters to reassess the radial abundance gradient in the outskirts of the Galactic disk. Our sample spans almost 10 kpc in Galactocentric distance (see Table 5 and 8), from R GC = 12.0 to 21.6 kpc. Moreover, they are all located essentially toward the same Galactic region (186 o ≤ l ≤ 234 o ). Figure 5 plots the metallicity trend of all of the aforementioned clusters together with their metallicity uncertainty.
In this figure, the solid line is the radial abundance gradient from Friel et al. (2002) Recently, Cescutti et al. (2006) calculated the slopes of the Galactic abundance gradient of several elements as derived from chemical evolution models of the Milky Way. This model is based on the assumption that the MW evolved basically in isolation, but with different star formation thresholds imposed for the halo and disk. The disk is modeled as an inside-out growing structure. Modern prescriptions for element production rates are employed.
In the same Galactocentric distance baseline (12 to 22 kpc) the Cescutti et al. models yield abundance gradient slopes of about -0.020 dex kpc −1 for the four above elements, while reproducing at the same time the observed gradient in the solar vicinity.
Therefore, model predictions are consistent with our new results within the errors, except for [Si/H], for which we found a shallower slope than the models, consistent with no gradient. We find that the mean trend of the models match the trend of the observations for the outer disk.
Spatial distribution and kinematics
The five program clusters are all located below the nominal Galactic plane and reach as much as 2 kpc below the plane (see Table 7 ). In Figure 7 we plot the R GC -Z GC distribution of all thirteen clusters beyond 12 kpc from the Galactic Center collected in Section 5. In the third Galactic quadrant, stars and clusters preferentially lie below the formal b = 0 plane of the Galaxy, following the pattern of the Galactic warp and flare (Moitinho et al. 2006 ). These are shown for different values of b, from 0 o (solid line) to ±3 o (dashed lines) from Momany et al. 2006 , which the reader is referred to for any additional details. Berkeley 29, Berkeley 31 and Saurer 1 are at odds with the bulk of the sample and are located well above the Galactic plane. Still, they do not deviate significantly from the predictions of a warped/flared disk. Scott et al. (1995) have studied the kinematics of old open clusters in the solar vicinity. From a sample of 35 clusters at mean Galactocentric distance of 10.3 kpc, they found a mean rotational velocity of 211±7 km/sec, consistent with the Galaxy rotation curve. Our sample contains clusters which are located much further away, and at higher Galactic latitudes. We therefore expect to find deviations from purely circular motions. Although these deviations might be important signatures of Fig. 3 accretion, one has to be very carefully analysing distant star clusters in the anticenter, since both their radial velocity is generally dominated by non circular motions and the disk structure is more complicated than in the solar neighborhood.
Anyhow, we derive circular velocities for these clusters, using Olling and Merrifield's (2000) equations 1 and 2, which combined together yield:
where the circular speed and distance from the Galactic Center of the Sun are taken to be 220 km sec −1 and 8.5 kpc, for consistency with the adopted values to derive cluster Galactic coordinates (see Sect. 5). Finally, RV here represents the Local Standard of Rest (LSR) corrected radial velocity. Figure 8 shows the derived rotational velocity distribution of the clusters as a function of Galactocentric radius, compared to the Galaxy rotation curve from Olling and Merrifield (2000; dashed line) . The position of the Sun is indicated at (8.5,200) , while the range of values derived by Scott et al. (1995) for old open clusters is represented by the thick horizontal segment.
All the clusters rotate slower than predicted by the rotation curve, apart from Berkeley 29 and Berkeley 21, which have a significantly larger rotation velocity, but lie very close to the Galactic anticenter. Besides, the deviation from the Galaxy rotation curve increases with distance.
The mean rotational velocity of our clusters is about 150 km/sec, which differs from that of old open clusters in the solar vicinity (Scott et al. 1995) , which rotate at the same speed as the Sun. Before deriving conclusions on the meaning of this deviation, it is worth keeping in mind that these clusters are on the average much farther from the Galactic plane than the solar vicinity clusters, and their kinematics is more complex, possibly due to the warping and flaring of the disk.
To fully explore their kinematics we would need proper motion measurements, to derive cluster orbits and eccentricities (Carraro & Chiosi 1994; Frinchaboy 2006; Casetti-Dinescu et al. 2007 ). These quantities are mandatory to address the issue of the origin of these clusters, and hopefully disentangle between an extra-galactic origin, or the kinematic influence by a flared/warped disk.
At odd with the results from the chemical analysis, the study of kinematics presented here cannot help much to put more constraints on the formation, origin and evolution of the outer disk old open clusters system.
Kinematic association to MRi
The Galactic Anticenter Stellar Structure (GASS), or MRi, exhibits quite a tight relation between the velocity corrected to the Galactic standard of rest and the longitude in a sample of putative M giant members . Based on that, Frinchaboy et al. (2004 Frinchaboy et al. ( , 2006 looked for star clusters associated with this structure, and actually found that seven clusters (both open and globulars) are consistent with GASS membership in the Galactic standard of rest velocity (v GS R ) versus longitude plane.
Meanwhile, new radial velocities have been acquired for some of these clusters and others which are located in the MRi region. This permit us to revise the possible kinematic association of old open clusters with GASS.
In fact, Frinchaboy et al. 2006 could provide evidence that Saurer 1 and Berkeley 29 are probably associated with GASS.
We can here extend that analysis to the larger anti-center cluster sample we have described in previous Sections. To this aim, we computed v GS R of each one of the five program clusters (see Table 7 ), and for the additional 8 clusters (Table 8) .
The velocity V GS R has been computed as:
where (9,12,7) are the components of the Sun peculiar motion -consistent with M giants from Majewski et al. (2003) -, and 220 is the Local Standard of Rest rotational velocity (see also Frinchaboy et al 2006, eq. 4) .
The aim is to compare cluster position and kinematics with the expected trends for the MRi, following the same approach as in Frinchaboy et al. (2006) . Theoretical -N-body and analytical -calculations by Peñarrubia et al. (2005) are available that predict the location and kinematics of the MRi as a function of the shape of the Galactic halo. Figure 9 compares the location and kinematics of old anticenter open clusters having heliocentric distances larger than 7 kpc (small open squares), Berkeley 29, Tombaugh 2 and Saurer 1( MRi candidates, filled square, triangle and circle, respectively) to the MRi models. This cluster sample, the largest so far of distant anti-center star clusters -including Berkeley 29 and Saurer 1-does not generally follow the expected MRi spatial distribution (bottom panel), while the heliocentric radial velocities (middle panel) are only marginally compatible with MRi models, as are the Galactic standard of rest velocities v GS R (top panel). Finally, we notice that while Berkeley 29 seems to follow the MRi models kinematics, but not the spatial location, Saurer 1 clearly deviates in all the diagrams, and Tombaugh 2 is only spatially compatible with MRi (but see Frinchaboy et al. 2007) . Berkeley 75 at l = 234 o seems to be the cluster that simultaneously best matches the model expectations in the three planes.
This leads us to our final argument, now based on kinematics, indicating that the preferred origin of our clusters is Galactic as opposed to extra-galactic.
Conclusions
We have presented new radial velocities and metallicities derived from high resolution spectra for five old distant anti-center open clusters previously unstudied. These results have been combined with similar quality data taken from the literature for eight additional old open clusters. We discuss this material in the context of the chemical and kinematic properties of the Galactic disk, with the principal aim to understand whether these clusters are genuine disk members, or that some of the clusters trace an extragalactic population which merged into the disk a few Gyr ago, the MRi.
Our results can be summarized as follows.
-the spatial location of these clusters is compatible with a warped/flared Galactic disk and poorly matches MRi model predictions; -metallicities are compatible both with the Galactic disk and with the M giants which trace MRi, whilst the abundance ratios of α elements are more compatible with the Galactic disk population;
-the AMR is in better agreement with the Galactic disk than with MRi, although this latter is at present poorly constrained; -we find that the cluster kinematics are difficult to interpret, in the sense that clusters seem to obey the Galactic differential rotation, but with increasing deviations at increasing distances. However, it is difficult with present data to disentangle whether these deviations are indicating an extragalactic origin, or are simply a consequence of the complicated dynamics in a warped/flared disk. In fact, in this case the expected increase of the velocity vertical component would naturally produce deviations from purely circular orbits; -Models of MRi do not reproduce satisfactorily and simultaneously the position, radial velocities and Galactic standard of rest velocities v GS R of the outer disk old open clusters here considered. -the radial abundance gradients, especially those for the α− elements, are in good agreement with prediction based on simple Galactic disk models (Cescutti et al. 2006 ). We confirm that in the outer disk the radial iron abundance gradient is flatter than in the solar vicinity.
This work emphasizes the difficulty to study the periphery of the Galactic disk. A better description of the properties of the warped/flared disk, and of the Monoceros Ring models are mandatory to improve the comparison with the observations that we are accumulating. At the same time, the proper motion components of these clusters might greatly help to understand their kinematic properties, especially near the Galactic anti-center. The derivations of their orbits and eccentricities would constitute an important step ahead in our knowledge of the outer Galactic disk. 
